Background. Anemia is a significant public health problem among schoolchildren in Vietnam. Food fortification is considered one of the most sustainable long-term strategies to control iron-deficiency anemia in Vietnam. The success of a food-fortification program depends on the choice of the food vehicle.
Introduction
Anemia is a significant public health problem in Vietnam. The 2000 Nutrition Risk Factor Survey found that the prevalence of anemia was 34% among children under five and 25% among women [1] . No data are available from national representative surveys on the prevalence of anemia among primary schoolchildren in Vietnam; however, a few local studies showed that the prevalence of anemia in primary schoolchildren was around 30% [2, 3] . To control iron deficiency, iron supplementation programs have been implemented in Vietnam since 1995, but low coverage and compliance have reduced their effect [1] . In the National Nutrition Strategy for the period 2001-2010, food fortification is considered one of the most sustainable long-term strategies to control iron-deficiency anemia in Vietnam [4] . The success of a food-fortification program depends on the choice of the food vehicle. A suitable food vehicle should be commonly consumed in serving sizes that are able to meet a significant part of the daily dietary requirement of iron, there should be no change in consumer acceptability (taste, smell, or color) of the food vehicle after fortification, and preparation of the food vehicle should not alter the iron level [5] . The aim of the current study was to identify an appropriate vehicle for iron fortification to be used in a school-based intervention to improve the iron and anemia status of primary schoolchildren in rural Vietnam. Three candidates were considered: instant noodles, instant rice soup, and biscuits.
This study is part of a larger research project aimed at determining the efficacy of a school-based food-fortification program to improve hemoglobin concentrations and iron stores of intestinal parasite-prone schoolchildren in Vietnam [6] .
Subjects and methods

Study subjects and location
The research project took place in Tam Nong District in Phu Tho Province, an agriculture-based rural area located 90 km northwest of Hanoi. There are 20 primary schools with 8,060 children in grades 1 to 5 in this district. For the present study, two communes, Co Tiet and Hien Quan, were selected that had a high prevalence of intestinal worm infections (92% and 100%, respectively) and anemia (27% and 28%, respectively) among schoolchildren aged 6 to 8 years [7] . After an explanation of the purpose and protocol of the study by the principal investigator, the selected children and their parents were invited to participate in the study on a voluntary basis and were asked for written informed consent. None refused participation. The study comprised three substudies: a food-consumption study (N = 60), a food-beliefs study (N = 30), and a food-acceptance study (N = 160). A study on the retention of the iron fortificant in instant noodles after production and preparation was carried out at the laboratories of the National Institute of Nutrition, Hanoi, Wageningen University, and Akzo Nobel Chemicals. The study was approved by the Scientific Committee of the National Institute of Nutrition and the Ethics Committee of Hanoi Medical University-Ministry of Health.
Products
Fortified instant noodles and biscuits were produced by the Hanoi Food and Hai Ha companies in Vietnam, respectively. Noodles and biscuits were fortified with a water-soluble, highly bioavailable iron compound (sodium iron ethylenediaminetetraacetic acid [NaFeEDTA] [Ferrazone], Akzo Nobel Chemicals, Arnhem, the Netherlands) to two levels: 5.8 and 10.7 mg of iron per 52 g of noodles and per 40 g of biscuits (eight pieces of 5 g each). The fortification level of 5.8 mg was based on the World Health Organization (WHO) recommendation of a daily preventive dosage for children of 0.2 mg of elemental iron per kilogram of body weight when given as NaFeEDTA [8] . The level of 10.7 mg was based on the Joint FAO/WHO Expert Committee on Food Additives 1974 recommendation of an acceptable daily intake of 2.5 mg of EDTA per kilogram of body weight and an average body weight of 29 kg [9] . Unfortified instant noodles contain 4 mg of iron per 100 g of instant noodles.
Data collection techniques
The food-consumption study consisted of a 24-hour recall [10] of two nonconsecutive days combined with a structured interview, both administered by three welltrained interviewers from the Nutrition Department of Hanoi Medical University. The 24-hour recall covered all foods and drinks consumed by the child during the previous day, from the early morning of the day before the interview until the early morning of the day of the interview [10] . A common set of household measures of food was used to facilitate the estimation of portion sizes. Conversion factors from household measures to weight were determined afterwards. A structured interview with the parents was carried out after the 24-hour recall, focusing on the role of noodles, instant rice soup, and biscuits in the diet of their children.
The food-beliefs study included focus group discussions, a pile-sorting test, and a food attributes and differences exercise. The focus group discussions were carried out with two groups of eight parents each in the two communes after completion of the 24-hour recall to discuss attitudes and beliefs of the parents concerning instant noodles, instant rice soup, and biscuits. Based on the results of the 24-hour recall and the focus group discussions, the pile-sorting test and the food attributes and differences exercise were focused on instant noodles and biscuits. The pile-sorting test [11] was carried out with the use of 25 pictures of foods representing frequently consumed foods selected on the basis of the results of the 24-hour recall from the following food groups: staple foods (four products); animal foods (seven products); oil, fat, and nut products (four products); fruits (three products); and vegetables (five products). These pictures were complemented with one picture of fortified biscuits and one picture of fortified noodles. The mothers were asked to sort the foods into piles of cards belonging together in whatever way they wanted and to explain the reason for this grouping. The food attributes and differences exercise [11] was used to identify in greater detail the attributes and qualities that parents in the community apply to food [11] , with the use of the same list of 25 foods.
For the food-acceptance study, only children in grade 1 were selected, on the assumption that the quantity consumed by this youngest group could also be consumed by older schoolchildren. The children were randomly divided into two groups: the instant-noodles group received one packet of instant noodles (52 g) fortified with NaFeEDTA [12] to levels of 5.8 and 10.7 mg of iron on two consecutive days, and the biscuit group received 40 g of biscuits fortified to the same two iron levels, also on two consecutive days. The instant noodles were prepared by the researchers at the school and given to the children during the morning or afternoon break (at either 9:00 am or 3:00 pm), according to whether the children were attending school in the morning or the afternoon session. At the start, a known amount of instant noodles or biscuits was served in a standard bowl to each child. The researchers supervised the consumption of the noodles and biscuits by the children and weighed the leftovers.
A factor of four was used to convert the weight of leftover soaked noodles to that of dry noodles. The conversion factor was determined with 30 packages of instant noodles. The dry noodles were weighed, and then 300 mL of boiling water was added and the noodles were soaked for 5, 10, and 15 minutes, after which the whole dish, the soaked noodles, and the remaining water were weighed. The conversion factors after 5, 10, and 15 minutes of soaking were calculated as 2.7, 3.5, and 4, respectively. Since most of the children stopped eating after about 14 minutes, a conversion factor of 4 was used.
Just before and after consumption of the iron-fortified noodles or biscuits, the subjects were asked to rate their desire-to-eat on a three-point Likert scale ranging from 1 (don't want) to 3 (want) and the pleasantness of taste, smell, and color on a three-point scale ranging from 1 (dislike) to 3 (like). The subjects were asked whether they had eaten breakfast or lunch at home before coming to school.
Samples of fortified instant noodles were analyzed in the laboratories of both the National Institute of Nutrition in Hanoi and Wageningen University to check the retention of iron after production of the noodles. To determine the retention of iron after preparation of the iron-fortified noodles, 400 mL of boiling water was added to the content of a package of instant noodles (about 52 g) according to the recipe on the package. The soup was allowed to stand for 5, 10, and 15 minutes before filtration. The iron EDTA content of the filtrate was determined by capillary zone electrophoresis analysis [13] at the laboratory of Akzo Nobel Chemicals, the Netherlands.
Data analysis
The nutrient intake was calculated on the basis of the Table of Vietnamese foods [14] . The mean number of meals consumed per day and the food and nutrient intake per day were calculated and compared with the recommended nutrient intake. The recommended intake of iron is based on a bioavailability of 5% [15] . The rate of iron absorption in the Vietnamese diet ranges from 5% to 10% [16] . The lower level of 5% can be expected in rural areas because the diet is more plant-based than in urban areas and contains iron-absorption inhibitors, such as oxalic acid in leafy vegetables [17] . On the basis of the structured interviews, the frequencies of weekly consumption of noodles, instant rice soup, and biscuits were calculated. The results from the semistructured interviews, focus group discussions, pile-sorting test, and the food attributes and differences exercise were coded according to the topics discussed. For all topics coded, the information from all four methods was combined and analyzed.
On the basis of the results of the food-acceptance study, the mean amount of noodles or biscuits consumed on two consecutive days by the children (based on the initial amount provided minus the leftovers) was calculated, as well as the percentage of children who could not finish the 52 g of noodles or 40 g of biscuits. Whether the level of fortification and having breakfast or lunch before school affected the total amount consumed was assessed by comparing the mean intake between groups of children with low and high levels of iron in the food product and between groups of children with and without breakfast by an independent t-test [18] with the significance level set at p < .05. The percentages of children finishing all or part of the noodles or biscuits and the frequencies of scores for desire-to-eat and pleasantness of taste, smell, and color were determined. Data were analyzed with SPSS for Windows, version 11 [18] .
Results
The children consumed an average of 3.2 ± 0.4 meals a day, mainly breakfast (93% of children), lunch, and dinner (both consumed by 100% of children), with only a few children (27%) having an extra meal between the main meals. The average daily energy and iron intakes (1.218 ± 406 kcal and 7.5 ± 4.0 mg, respectively) were below the recommended intakes for this age group (1800 kcal and 16.2 mg, respectivey) [15, 19] . A major part of the energy and iron intake was from rice (64% and 37%, respectively); only 15% of the iron intake was from animal sources such as meat, eggs, fish, and dairy products.
Instant noodles and biscuits were consumed at least once per week by 50% and 15% of the children, respectively. Only 3% of the children consumed instant rice soup at least once a week. Children who consumed these items consumed instant noodles about 3 times per week, biscuits about 2.5 times per week, and instant rice soup about 2 times per week (table 1).
The results from the focus group discussions and the structured interviews with parents on the attributes of instant noodles, instant rice soup, and biscuits showed that the attributes of instant noodles were mainly positive. Important positive attributes mentioned were "easy and quick to prepare, " "alleviating the child's hunger, " and "children like to eat them." Negative attributes mentioned were "expensive" and "lack of information about nutritional value. " The parents mentioned only the negative attributes of instant rice soup: "children do not like to eat, " "do not consider it nutritious, " and "more suitable for younger children. " The attributes of biscuits were divided equally between positive and negative. They were "available at several places, " "children like to eat them, " and they were considered to be "nutritious. " On the other hand, they were "expensive. " The results of the pile-sorting test and food attributes and differences study confirmed the positive attributes of the noodles ("full stomach/satisfy hunger," "can replace rice, " "rich in carbohydrates, " and "can be used for breakfast"), whereas biscuits were considered "rich in sugar, " "rich in fat, " "sweet food, " and "extra food" or "dessert, " and the parents thought that children liked to eat them.
The results for consumption of biscuits and noodles on two consecutive days showed that 8.8% of the children refused to eat fortified biscuits, whereas while only one child (0.6%) did not want to eat noodles. We do not have an explanation for this observed preference, and interviews after consumption showed no difference in perceived pleasantness of taste, smell, or color between fortified noodles and biscuits. The reasons for refusal were that the children did not like to eat these foods or were not hungry. Of those who did eat biscuits or noodles, 80% finished the total amount of biscuits offered (40 g) and 96.8% finished the total amount of noodles offered (52 g). Of those children who finished the total amount of the food offered, 78.4% said they wanted to eat more biscuits, whereas only 22.7% said they wanted to eat more noodles. The mean amount consumed was 37.2 ± 8.2 g for biscuits and 52.2 ± 2.3 g for noodles (table 2).
Consumption of breakfast or lunch before going to school did not affect the mean consumption of noodles or biscuits. The level of iron fortification did not affect the consumption of noodles but did affect the consumption of biscuits: a higher level of iron fortification was associated with a lower mean consumption of biscuits (p < .05) (table 2).
The 145 children who consumed biscuits and the 159 who consumed noodles gave the foods high ratings for liking in general (mean, 2.8 ± 0.5 and 2.9 ± 0.3, respectively), taste (2.9 ± 0.4 and 2.8 ± 0.5), smell (2.9 ± 0.4 and 2.9 ± 0.3), and color (2.7 ± 0.7 and 2.8 ± 0.4). Table 3 shows that 91.0% and 86.2% of children, respectively, liked the biscuits and noodles in general, 93.1% and 81.1% liked the taste of the foods, 93.1% and 89.3% liked their smell, and 85.5% and 84.9% liked their color. However, the proportions of children disliking biscuits in general and disliking their taste, smell, and color were slightly higher than for noodles (table 3) . There were no significant difference between noodles and biscuits in overall acceptability and in acceptability of taste, smell, and color.
The iron contents of the iron-fortified noodles were checked at the laboratories of the National Institute of Nutrition in Vietnam and Wageningen University. The production process of instant noodles, which includes deep-frying in oil at high temperatures (140° to 160°C), does not affect their iron content. The mean iron contents determined at the National Institute of Nutrition (23 mg/100 g of noodles) and Wageningen University (23.3 mg/100 g of noodles) are close to the 20.6 mg/100 g of noodles added as fortificant plus the iron present in the noodles themselves (4 mg/100 g). Figure 1 shows that about 70% of the NaFeEDTA dissolves within 5 minutes into the soup, independently of the extraction time. No degradation products of NaFeEDTA were found, indicating that NaFeEDTA is stable in the soup.
Discussion
The present study was carried out to identify an appropriate vehicle for iron fortification to be used in a school-based program to combat iron deficiency among schoolchildren in Vietnam. Three candidates were considered: instant noodles, instant rice soup, and biscuits. There is little direct evidence that iron fortification of major staple foods, such as wheat flour or corn flour, is a useful strategy to combat iron deficiency [12, 20] . As all three food vehicles considered in this study are cereal-based, the findings here may contribute to the evidence of the effectiveness of iron fortification of staple foods. Secondly, these products are easily to prepare and deliver in a school context. The study was conducted in a small subgroup of schoolchildren in two communities of Tamnong District: Hien Quan, a relatively poor community, and Co Tiet, a better-off community. Although these may be representative of comparable communities in northern Vietnam, the study area may not be representative of the situation of primary schoolchildren in the whole country because of different environmental and socioeconomic regional contexts.
In general, the diet of the schoolchildren in our study was characterized by a low meal frequency, reflected in energy and iron intakes below the recommended values. The energy intake (1.218 ± 406 kcal), which came mainly from rice (64%), met only 67% of the recommended requirement of 1800 kcal [19] , and the iron intake met only 46% of the recommended intake of 16.2 mg [15] . This finding is in line with results from other studies. Vietnamese people usually eat three meals a day, and during periods of food shortage the number is reduced to two. Cereals are the main source of energy in the Vietnamese diet, providing 78% of total energy [21] . A study among primary schoolchildren in a rural area in Ho Chi Minh City also found a low total daily iron intake (10.4 ± 3.6 mg), and heme iron intake reached only 0.75 ± 0.81 mg. However, because of the large day-to-day variation in iron intake [17] , the measurement of iron intake on two nonconsecutive days in our study may not reflect usual iron intake.
The children in our study consumed only three meals a day. In view of the WHO recommendation that children 2 years of age and older should have a nutritious snack twice a day in addition to three main meals [22] , combined with the low energy and iron intake in our study population, an extra iron-forti- fied snack offered at school is justified to improve the energy and iron intake of schoolchildren in rural areas.
Offering instant noodles at school may substitute for or reduce food intake at home [23] , given the fact that 77.3% of children were satiated with the given portion of noodles. A substudy comparing food consumption by children who received iron-fortified noodles with that by children not receiving noodles (data not shown) indicated that consumption of noodles in school reduced out-of-school nutrient intake, although total food and nutrient intake increased significantly when fortified noodles were given, resulting in a net positive effect of the noodle intervention on energy, fat, and iron intake. Key factors in the selection of the right food vehicle include that it should be consumed on a regular basis by a large proportion of the population [5] . The results of the study indicated that biscuits and instant rice soup were consumed by very few children (15% and 3%, respectively), whereas half of the children ate instant noodles on a weekly basis. The low percentages of children consuming instant rice soup and biscuits are also reflected in the opinion of parents concerning these products: instant rice soup was considered not appropriate for this age group, and biscuits were considered expensive and seen as an extra food or dessert, but not as a main food. On the other hand, all respondents stated that instant noodles can alleviate hunger and can replace rice, which probably explains why more children consume instant noodles.
In selecting the food vehicle, it also important to choose a food that is consumed in sufficient amounts to allow for a sufficient level of fortification [5] . Our study indicates that more children finished their portion of noodles than finished their biscuits (96.8% vs. 80.0%). Noodles are served in a soup containing water, which facilitates swallowing them, whereas biscuits are sweet and dry, making it difficult for children to consume a large portion. Only 22.7% of the children wanted to eat more noodles after finishing the 52 g they were offered; thus, 52 g of noodles can be considered an appropriate serving for this age group. This portion size is also the smallest available for instant noodles in the markets in Vietnam.
Iron fortification can only be successful if the consumers accept the fortified product. The acceptability of the food vehicle to the consumer should not change after fortification [5, 12] . In general, the children in our study gave a very high score to the taste, smell, and color of both instant noodles and biscuits, indicating that the short-term acceptability of the fortified products was very high. This may be caused by the culturally determined habits of the children. A study by Yeh et al. [24] found that in comparison with US consumers, Chinese, Korean, and Thai respondents avoided the "dislike" categories of a nine-point labeled category scale. Hunger may also explain the high rating scores. Our children consumed only three meals a day, with no snacks between meals, and their mean energy intake met only 67% of the recommended energy intake. Cabanac [25] suggested that a given stimulus can induce a pleasant or unpleasant sensation, depending on the subject's internal state, and food intake was considered one of the factors reflecting internal state. In our study population with a low food intake, fortified instant noodles or biscuits may induce a pleasant sensation, which would explain the high ratings for liking.
The stability of iron fortification is also important for the success of the fortification program [5] . Data from our study showed that the production process of instant noodles, which includes deep-frying in oil at high temperatures (140° to 160°C), did not affect the iron content of the noodles. A previous study also found that NaFeEDTA remained stable when it was exposed to heat or humidity [5] .
The price of instant noodles is US$1.25/kg, or US$0.06 for a package of 52 g, and the data from this study indicated that about 50% of the children consumed noodles at least once a week. Moreover, data from the National Nutrition Survey showed that Vietnamese people consumed an average of 44.7 g of noodles per day [1] . Although the parents stated that instant noodles were expensive, the data indicate that noodles are affordable to a rural population, although probably not on a daily basis.
We used NaFeEDTA as an iron fortificant in our study. NaFeEDTA has advantages with regard to iron absorption and stability; the main disadvantage is its high price compared with other fortificants, such as ferrous sulfate. The price of imported NaFeEDTA was US$6/kg. In our study, the additional cost of fortification was estimated as US$0.01/kg of instant noodles. This is affordable to people in rural areas and is comparable to the additional cost of US$0.02/L for fortification of fish sauce with NaFeEDTA in Vietnam [26, 27] .
In summary, among the three candidates considered, instant noodles seem the most suitable food vehicle for iron fortification. Instant noodles are also considered a potential food vehicle for fortification in the micronutrient control program in Vietnam [1] . The consumption of instant noodles has risen steadily since 1995 in Vietnam and some other Asian countries [28, 29] , and at least three countries-Thailand, Indonesia, and the Philippines-have succeeded in fortifying instant noodle seasoning at a commercial level. Thailand and Indonesia are currently evaluating fortification of instant noodles as a public health intervention and are exploring ways to improve the formulation and effective implementation of a national fortification program using instant noodles [28] .
Conclusions and recommendations
In conclusion, this study identified instant noodles as a suitable food for iron fortification. Noodles are consumed more frequently, in larger portion sizes, and are more acceptable as children's food in the culture of the local people than instant rice soup or biscuits. The production process did not affect the NaFeEDTA level in noodles; however, during preparation of the noodles at least 70% of the iron is leaked to the soup. Hence, consumers need to be advised to eat both the soup and the noodles for maximum benefit of iron fortification. The actual use of instant noodles in a school-feeding program aimed at combating iron deficiency and anemia in schoolchildren in rural Vietnam should be based on demonstration of the effectiveness of this intervention in a well-designed, controlled trial.
